The purpose of this study was to compare the efficiency, cost, and safety of a diagnostic strategy employing early coronary computed tomographic angiography (CCTA) to a strategy employing rest-stress myocardial perfusion imaging (MPI) in the evaluation of acute low-risk chest pain.
Background
In the United States, Ͼ8 million patients require emergency department evaluation for acute chest pain annually at an estimated diagnostic cost of Ͼ$10 billion.
Methods
This multicenter, randomized clinical trial in 16 emergency departments ran between June 2007 and November 2008. Patients were randomly allocated to CCTA (n ϭ 361) or MPI (n ϭ 338) as the index noninvasive test. The primary outcome was time to diagnosis; the secondary outcomes were emergency department costs of care and safety, defined as freedom from major adverse cardiac events in patients with normal index tests, including 6-month follow-up.
Results
The CCTA resulted in a 54% reduction in time to diagnosis compared with MPI (median 2.9 h [25th to 75th percentile: 2.1 to 4.0 h] vs. 6.3 h [25th to 75th percentile: 4.2 to 19.0 h], p Ͻ 0.0001). Costs of care were 38% lower compared with standard (median $2,137 [25th to 75th percentile: $1,660 to $3,077] vs. $3,458 [25th to 75th percentile: $2,900 to $4,297], p Ͻ 0.0001). The diagnostic strategies had no difference in major adverse cardiac events after normal index testing (0.8% in the CCTA arm vs. 0.4% in the MPI arm, p ϭ 0.29).
Conclusions
In emergency department acute, low-risk chest pain patients, the use of CCTA results in more rapid and costefficient safe diagnosis than rest-stress MPI. Further studies comparing CCTA to other diagnostic strategies are needed to optimize evaluation of specific patient subsets. More than 8 million U.S. patients present annually to emergency departments (ED) with chest pain suspicious for ischemia and/or acute coronary syndrome (ACS) (1) (2) (3) .
However, only a minority of "low-risk" chest pain patients are actually suffering from coronary artery disease (CAD) symptoms. In the past, ED triage based on history, serial electrocardiogram (ECG), and biomarkers alone resulted in the discharge of 2% of patients who were later diagnosed with ACS; such patients have higher mortality rates (4 -8) . Accordingly, it is now standard in many EDs and chest pain centers to evaluate such patients with a "rule-out myocardial infarction" strategy followed by stress testing and/or cardiac imaging; this approach has reduced diagnostic error but can be time-consuming and resourceintensive (2, 6, 9) . It has been estimated that the diagnosis of acute ED chest pain costs $10 to $12 billion annually in this country alone (7, 10) . At a time when economic resources are constrained while healthcare demand is increasing, it is important to assess the comparative effectiveness of diagnostic methodologies not only in terms of safety and accuracy, but also for efficiency and diagnostic cost.
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Advances in coronary computed tomographic angiography (CCTA) have made it possible to image the coronary vasculature rapidly and noninvasively, with excellent accuracy for detecting the presence and determining the severity of luminal stenoses and extraluminal plaque (11) (12) (13) (14) (15) (16) (17) . To determine whether CCTA has the potential to safely increase efficiency and reduce the ED costs of care, the present randomized multicenter trial compared a diagnostic strategy incorporating CCTA to a strategy including reststress single-proton emission computed tomography scanning (myocardial perfusion imaging [MPI]) for evaluation of low-risk acute chest pain patients (6) .
Methods

Study design. The CT-STAT (Coronary Computed Tomographic Angiography for Systematic Triage of Acute
Chest Pain Patients to Treatment) study was a multicenter, randomized, comparative effectiveness trial contrasting a diagnostic strategy including CCTA to a strategy incorporating rest-stress MPI for evaluation of acute low-risk chest pain at 11 university and 5 community hospital sites. Rest-stress MPI was selected as the comparator noninvasive test because: 1) it was the noninvasive cardiac imaging method used for low-risk chest pain at most (13 of 16) of our study sites; and 2) it is designated as appropriate for the diagnosis of possible ACS patients at low, intermediate, and high risk according to the multiple society appropriate use criteria for cardiac radionuclide imaging (18) . The study protocol was developed and supervised by an executive steering committee and a data safety monitoring board, and received institutional review board approval at the coordinating institution (Beaumont Hospital) and at all participating study sites. All enrolled patients gave informed consent.
Patients. Patients were all acute chest pain patients admitted to the ED sequentially whenever research coordinators were present. Low-to intermediate-risk patients, as defined below, who had symptoms suspicious for ischemia were prospectively enrolled and randomized, according to the method detailed in the Statistics section, to evaluation by CCTA or MPI ( Fig. 1 ). Inclusion criteria included the following: 1) chest pain suspicious for angina based on an ED physician's history taking and physical examination; 2) age Ն25 years; 3) time from onset of chest pain to presentation Յ12 h; 4) time from ED presentation to randomization Յ12 h; 5) normal or nondiagnostic rest ECG at the time of enrollment, without ECG evidence of ischemia (i.e., ST-segment elevation or depression Ն1 mm in 2 or more contiguous leads, and/or T-wave inversion Ն2 mm); and 6) TIMI (Thrombolysis In Myocardial Infarction) risk score Յ4 for unstable angina or non-STsegment elevation myocardial infarction (MI) (19 -21) . Exclusion criteria included the following: 1) known coronary artery disease; 2) elevated serum biomarkers including creatine kinase-myocardial band, myoglobin, and/or troponin I (e.g., Advia Centaur assay, Bayer Healthcare, Tarrytown, New York); 3) ischemic ECG changes, as denoted in the preceding text; 4) previously known cardiomyopathy, with an estimated ejection fraction Յ45%; 5) contraindication to iodinated contrast and/or beta-blocking drugs; 6) atrial fibrillation or markedly irregular rhythm; 7) body mass index Ն39 kg/m 2 ; 8) elevated serum creatinine levels (creatinine Ն1.5 mg/dl); and 9) CT imaging or contrast administration within the past 48 h. Endpoints. The primary study outcome was diagnostic efficiency, defined as time to diagnosis (time from randomization to when test results of CCTA or MPI were called to ED physicians). The time of randomization, scanning, and time of call with diagnosis were recorded on case report forms. Randomization could occur whenever study coordinators were present, including hours when neither scanner was available; the time and ED costs associated with waiting were included in the time to diagnosis. From these data, time of scanner availability for each modality was also analyzed.
Secondary outcomes included ED costs of care and safety. Cost was estimated from detailed hospital billing records incorporating the period from ED admission to discharge either to home or to inpatient hospitalization beyond the index noninvasive test. Because a complete analysis of direct and indirect costs could not be obtained at most sites, ED costs of care were estimated from the total billed charges multiplied by the Medicare cost-to-charge ratio of each site. This ratio assigns a cost value per dollar billed and is site-specific. All charges including therapeutics were part of this calculation. If a patient required inpatient admission to complete the index noninvasive test, the charges incurred during hospitalization were included until the time when the noninvasive diagnosis was called to the attending physician. For patients undergoing both CCTA and MPI, the additional time and charges consequent to both tests were included.
Safety was defined as the absence of "unsafe" events, namely, major adverse cardiac events (MACE) over 6 months in patients designated as having a normal or near-normal index noninvasive test. These unsafe events included ACS (acute myocardial infarction [AMI] documented by cardiac enzymatic and electrocardiographic criteria or unstable angina), cardiac death, or revascularization in patients with a normal index test. Because revascularizations were not driven by the normal index test, in these patients, they were regarded as unsafe events due to misdiagnosis. The number of unsafe events was counted as 1 per patient even if that patient had multiple MACE events. The MACE events were adjudicated by a blinded clinical events committee using standard American College of Cardiology Foundation/American Heart Association criteria (4). Clin-ical events were determined by evaluation of hospital and medical office records in each patient at the 6-month anniversary of the index ED visit, as well as late telephone interviews with all patients employing a structured questionnaire. Mortality was confirmed by the Social Security Death Index. CCTA procedure. The CCTA was performed by previously published methods (22) . The CCTA could be done immediately after enrollment. Briefly, in patients not receiving beta-blocking drugs, metoprolol 50 to 100 mg orally (or equivalent) and/or 5 to 30 mg intravenously were administered to achieve a heart rate Ͻ65 beats/min. Nitroglycerin 0.4 mg sublingual was given 1 min before image acquisition. Imaging was performed on CCTA scanners available at each institution including 64-to 320-slice scanners. Contrastenhanced images were obtained using 60 to 100 ml Ultravist 300 (Bayer HealthCare, Montville, New Jersey) injected through an antecubital vein followed by a saline chaser. The CT datasets were read immediately by an experienced physician and findings were communicated to the ED physician. Coronary artery stenoses were evaluated per segment for all vessels having an estimated reference diameter of at least 1.5 mm, using a standardized 18-segment model (23) . Maximal diameter stenosis was defined as the most severe reduction in the coronary artery contrast column visualized using multiplanar reconstructions in a transverse arterial section, compared to the nearest normal lumen. The following severity categories were used: 0 ϭ no stenosis; 1 ϭ 1% to 25% stenosis; 2 ϭ 26% to 50% stenosis; 3 ϭ 51% to 70% stenosis; 4 ϭ 71% to 99% stenosis; and 5 ϭ total occlusion. Rest-stress MPI procedure. Standard same-day rest-stress MPI was performed according to previously published methodology (24) . These protocols were implemented according to the standards practice at participating sites, including the choice of isotopes. Rest imaging studies could be done immediately after enrollment. Stress testing was done only if the resting studies were normal; these included symptom-limited standard exercise treadmill or pharmacologic (adenosine or dipyridamole) stress MPI depending on physicians' clinical judgment (25) . The MPI clinical readings were performed immediately and results called in to ED physicians. The MPI findings for clinical decision making were analyzed at each institution according to standard methodology using qualitative and semiquantitative visual analysis and a standard 17-segment model (26) . Final results were classified as normal, probably normal, equivocal, probably abnormal, and abnormal, on the basis of stress/rest perfusion imaging and functional data (27) as well as hemodynamic response to stress, including symptoms (typical angina pectoris during exercise), ECG response (Ͼ1 mm flat or downsloping ST-segment depression 80 ms after the J point, Ͼ1 mm of ST-segment elevation 80 ms after the J point, or sustained ventricular tachycardia), exercise duration when applicable, and blood pressure response (28) . Radiation dose analysis. The CCTA radiation doses were estimated by previously described methods (29) . Each scan included a protocol summary report containing the doselength product of each image, summing all phases of the examination, such as the topogram, monitoring or test dose, calcium score, and CCTA. Effective radiation dose was derived from the summed dose-length product multiplied by the standard conversion factor (0.014 mSv/mGray ϫ cm).
The MPI radiation was calculated based on the administered radioisotope amount from both phases of the study. In the case of Tc-99m, a conversion factor of 0.0085 mSv/mBq was used, whereas 0.22 mSv/mBq was used for thallium-201 chloride. Invasive coronary angiography. For patients referred for invasive coronary angiography (ICA), angiograms for clinical decision making were performed according to the standard practices at participating sites (22) . Images were analyzed independently by blinded quantitative angiographic analysis of stenosis severity with an automated edge detection system (QuantCor QCA, Pie Medical Systems, Maastricht, the Netherlands). Lesions were classified by the maximal luminal diameter stenosis according to a qualitative severity scale: 0 ϭ no stenosis; 1 ϭ 1% to 25% stenosis; 2 ϭ 26% to 50% stenosis; 3 ϭ 51% to 70% stenosis; 4 ϭ 71% to 99% stenosis; and 5 ϭ total occlusion. Clinical decision algorithms. On the basis of results of the index noninvasive test, study investigators recommended further management as outlined in Figure 1 . In the CCTA arm, investigators recommended triage as follows: patients with coronary arterial stenoses 0% to 25% and/or calcium score Ͻ100 Agatston units were eligible for discharge home; patients with stenoses Ͼ70% were referred for ICA; and patients with intermediate lesions (stenosis 26% to 70% or calcium score Ͼ100 Agatston units) or uninterpretable scans were recommended to cross over for a rest-stress MPI. In the MPI arm, investigators recommended that patients with a normal or probably normal MPI were eligible for discharge home; and patients with ischemic ECG abnormalities, elevated biomarkers, and equivocal or abnormal MPI were to be referred for admission and/or ICA. A CCTA after an equivocal MPI was not dictated by the study protocol but was ordered by attending physicians' discretion in some patients. All patients underwent serial ECGs and cardiac biomarkers before enrollment and at 4 and 8 h thereafter before discharge. Although investigators provided diagnostic interpretation and standardized recommendations, all clinical management decisions including ICA, admission, immediate discharge, or a second noninvasive test were at the discretion of attending physicians. Statistical methods. This study was powered to achieve a 90% probability to demonstrate a 25% reduction in the time to diagnosis; the sample size was determined at 704 patients. An additional 46 patients were included to account for patients who might not complete the protocol or were lost to follow-up. The randomization scheme was generated in a 1:1 ratio stratified (by site), alternating block design. All sites received their own site-specific, randomization envelopes. Once a patient was enrolled and the consent form had been signed, the next sequentially numbered envelope was opened and included the randomization arm and the patient's unique study identification number.
All categorical variables were examined using Pearson's chi-square or Fisher exact tests where appropriate and are reported as counts and percentage frequencies. Continuous variables were tested for normality and normally distributed variables were analyzed using a 2-sample t test. Variables that were not normally distributed were examined using a Wilcoxon rank sum test, including the secondary outcome of time to diagnosis. All continuous variables are shown as mean Ϯ SD as well as median (25th to 75th percentile). All analyses used the SAS System for Windows (version 9.2, SAS Institute, Cary, North Carolina).
Results
Patient population. From June 2007 to November 2008, a total of 6,640 ED acute chest pain patients were screened, and 749 were enrolled (Fig. 1) . The most common reasons for exclusion were as follows: prior known CAD (22.0%); unwillingness or inability to provide consent (12.7%); ED physician discretion (8.7%); Ն24 h since last chest pain (7.6%); creatinine Ն1.5 mg/dl (7.3%); age Յ25 years (6.8%); ECG ischemia or positive biomarkers (5.2%); prior contrast within previous 48 h (5.1%); irregular rhythm (2.5%); contrast allergy (2.7%); and contraindications to beta-blockers (2.6%). Among the 749 enrolled cases, 50 (7.2%) patients either failed to complete the protocol or withdrew consent; these patients were excluded from analysis, leaving 699 patients with complete early results (361 patients in the CCTA group; 338 in the MPI group). Over the next 6 months, 72 (10.3%) patients were lost to follow-up for nonfatal MACE (CCTA ϭ 30 of 361 [8.3%], MPI ϭ 42 of 338 [12.4%], p ϭ 0.13) leaving a total of 627 patients (CCTA, n ϭ 330; MPI, n ϭ 297) with complete 6-month results. All-cause mortality data were available from the Social Security Death Index for 698 of 699 (99.9%) patients (CCTA ϭ 361 of 361, MPI ϭ 337 of 338). Demographic variables were comparable between the CCTA arm and the MPI arm for early and late time periods (Table 1) . Findings on index studies and clinical outcomes. CCTA GROUP. Among 361 patients, CCTA ruled out the presence of more than minimal coronary artery disease in 297 of 361 (82.2%) cases; at least 1 Ͼ70% stenosis was detected in 13 (3.6%) patients; intermediate stenosis (25% to 70%) was found in 37 (10.2%) patients; and scans were not fully interpretable in 14 (3.9%) cases ( Fig. 1) . Of the patients with normal or minimally abnormal coronaries, 262 of 297 (88.2%) were then discharged home within 6 h. Rest-stress MPI was performed in 37 (10.2%) CCTA patients; of these, 23 had either intermediate lesions or nondiagnostic scans, 10 had normal CCTA, and 4 showed Ͼ50% narrowing. ICA was performed in 24 (6.6%) cases (18 because of CT findings, 3 because of ischemia seen in subsequent MPI, and 3 per physician discretion) ( Fig. 2 , Table 2 ). Among CCTA patients undergoing ICA during the index visit, 13 cases had significant stenoses and underwent revascularization (9 by percutaneous coronary intervention [PCI], 4 by coronary artery bypass graft surgery). As adjudicated by the clinical events committee, 1 revascularized patient also had a non-ST-segment elevation MI and 7 had unstable angina; an additional 3 patients had unstable angina but did not undergo revascularization.
Early and Late Clinical Events
The 6-month CCTA mortality data are based on 361 patients, whereas other late clinical outcomes in the CCTA group are based on the 327 randomized patients with complete follow-up records ( Table 2) . Two patients were re-evaluated in the ED for cardiac symptoms: 1 was admitted and had a normal ICA; the other was considered to have benign palpitations without additional workup. One previously catheterized patient who did not undergo early PCI was admitted for an elective staged PCI. Among the cumulative 26 CCTA patients undergoing ICA, CCTA findings were consistent with ICA findings for presence or absence of CAD (Ն50% stenosis) in 20 of 26 cases (76.9%). After 6 months, a cumulative 17 of 330 (5.2%) of all CCTA patients had clinical events (14 patients undergoing revascularization, including 1 with AMI and 7 with unstable angina, plus 3 additional patients with adjudicated unstable angina). No patients died or had late ACS. MPI GROUP. Among 338 MPI patients, index testing was normal or probably normal in 304 of 338 (89.9%), of whom 271 of 304 (89.1%) were discharged home within 6 h; 2 patients with abnormal MPI results were also discharged per physician discretion. ICA was performed in 21 (6.2%) patients (15 for abnormal MPI results, 3 for subsequent abnormal CCTA, and 3 per physician discretion); of these, 8 underwent PCI. As adjudicated by the clinical events committee, among PCI patients, 4 had non-ST-segment elevation MI and 3 had unstable angina, and 3 of 338 (0.9%) patients had unstable angina but were not revascularized.
The 6-month mortality data are from 337 of 338 MPI patients, and the other late clinical outcomes in the MPI arm are from 297 patients with complete follow-up records. Four patients were re-evaluated in the ED for cardiac symptoms; 1 patient underwent ICA and had normal coronary arteries. The 3 other patients were medically treated for pre-syncope and noncardiac chest pain. Among the 22 cumulative MPI patients undergoing ICA, MPI findings were consistent with ICA in 12 of 22 (54.5%). At 6 months, a cumulative 12 of 297 (3.7%) patients had clinical events (8 patients undergoing revascularization, 4 of whom also had AMI and 3 with unstable angina, plus 1 AMI case and 3 unstable angina patients who did not undergo revascularization). No patient died or had postdischarge ACS.
Comparative clinical outcomes in the CCTA versus MPI groups. There were no significant differences in either early or late clinical outcomes between the CCTA and MPI groups. Similar numbers of patients underwent ICA during the index visit (CCTA ϭ 24 of 361 [6.7%], MPI ϭ 21 of 338 [6.2%], p ϭ 0.80) and total revascularizations were similar as well (CCTA ϭ 13 of 361 [3.6%], MPI ϭ 8 of 338 [2.4%], p ϭ 0.34). There were no differences in AMI (CCTA ϭ 1 of 361 [0.3%] vs. MPI ϭ 5 of 338 [1.5%], p ϭ 0.11) or mortality (0 vs. 0). There was no late ACS or death in either arm, and cumulative event rates were comparable (CCTA ϭ 17 of 326 [5.2%], MPI ϭ 12 of 297 [3.7%], p ϭ 0.36). The only clinical variable that was significantly different between the 2 groups was a lower median effective radiation dose in the CCTA group (CCTA ϭ 11.5 mSv [25th to 75th percentile: 6.8 to 16.8 mSv], MPI ϭ 12.8 mSv [25th to 75th percentile: 11.6 to 13.9 mSv], p ϭ 0.02). Of the 16 sites, 14 used exclusively a single-isotope ( 99m Tc) protocol, 1 site used dual isotopes ( 99m Tc and 201 Tl), and 1 site used both protocols. All study sites used retrospective ECG-gated CTA; prospective ECG-triggered scanning was not available at any site at the time of the study. Study endpoints. PRIMARY OUTCOME: DIAGNOSTIC EFFI-CIENCY. The CCTA diagnostic strategy demonstrated more rapid diagnosis compared with MPI ( the MPI patient had a total occlusion by ICA and was treated medically. Mortality data were available for 698 of 669 patients (CCTA ϭ 361; MPI ϭ 337); there were no deaths in either group.
Discussion
Observations from this randomized multicenter trial involving low-risk acute chest pain patients demonstrate that a diagnostic approach employing CCTA as the primary noninvasive imaging modality in appropriately selected patients is safe, facilitates more rapid evaluation compared with a strategy utilizing rest-stress MPI, and is associated with lower total ED costs (21) . The present findings are consistent with and extend those of previous single-center observational and randomized studies employing CCTA for evaluation of acute chest pain in this patient group (16, 17) . These findings demonstrated that CCTA facilitated safe early discharge of patients from the ED, and showed that the presence and severity of atherosclerotic plaque on CCTA was predictive of ACS. The enhanced diagnostic efficiency of utilizing CCTA was first demonstrated in a single institution randomized trial, which showed reduced diagnostic times and lower ED costs compared to MPI (16) .
This study validates those results and documents that CCTA reduced time to diagnosis by one-half and lowered costs of the index ED visit by one-third, even though this test alone was not definitive in 14% of patients. Importantly, the present findings confirm that CCTA and rest-stress MPI are both safe diagnostic methods that permit early discharge in most low-risk patients. Clinical implications. At a time when economic resources are constrained while healthcare demand is increasing, it is important to assess the comparative effectiveness of diagnostic methodologies not only in terms of safety and accuracy, but also for efficiency and cost. Over the last 2 decades, studies of acute chest pain triage employing diagnostic imaging have demonstrated significant improvements in efficiency and cost over alternative strategies without imaging, with significant reductions in hospital admission rates (30 -33) .
The present study demonstrates that a CCTA-based strategy, when specifically compared to rest-stress MPI, provides ED cost benefits and a reduction in the time required for diagnosis, with similar safety and a lower radiation burden. These benefits could potentially reduce the onerous healthcare resource burden of this common, expensive clinical scenario in appropriately selected patients. However, there are important caveats to be considered. This study did not compare CCTA to other less costly alternatives or to those with no or lower radiation risk (9) . In many EDs and chest pain centers, rest-stress MPI is not the standard of care for low-risk patients without prior history of CAD and a normal ECG and cardiac enzymes. In future studies, the "CCTA-first" strategy should be compared to other expeditious protocols such as electrocardiographic stress alone, rest-only or stress-only MPI, stress echocardiography, and imaging only in patients with positive electrocardiographic stress (2,5,9,10,34 -39) . Before the present results can be extrapolated to generalized recommendations, CCTA should also be evaluated in comprehensive comparative effectiveness studies that include a broader patient risk profile (40, 41) .
The findings of this study should be applied only to the subset of patients who met eligibility criteria and are suitable for CCTA. These data provide evidence about the proportion of patients who might be suitable for CCTA among the general ED acute chest pain population. Because patients with known CAD are likely to show multiple lesions on CCTA, the investigators believe these patients benefit more from physiologic testing with MPI or stress echocardiography; such cases constituted 22% of the screened population. Patients with creatinine levels Ն1.5 mg/dl, contraindications to beta-blockers, contrast allergy, or irregular rhythms totaled 15.1% of cases. High-risk patients and patients with positive biomarkers or ECG signs compatible with ischemia may need invasive angiography without delay; these patients totaled 5.4% of screened cases. On the basis of these considerations, approximately 58% of all screened acute chest pain patients could be triaged by CCTA; it is apparent that a "one size fits all" approach does not provide optimal management for a diverse ED clinical population. Study limitations. The present study was not powered to provide a statistically conclusive comparison between the 2 study groups with regard to safety. Powering the study for safety was not feasible, based on the data from 2 previous studies in which the number of CCTA and/or rest-stress MPI patients with misdiagnoses were 0 of 200 and 7 of 368 (1.9%), respectively, for a total missed rate of 7 of 568 (1.2%) (12, 13) . To power a study by a 1.2% missed MACE event rate, using 80% power, equivalence tests for 2 proportions, and accepting a difference of no more than 25% (absolute difference of 0.3%) would require 45,126 cases without adjusting for patients lost to follow-up.
This study is not a formal cost-effectiveness analysis, nor is it an analysis of total downstream healthcare costs. Our methodology tabulated total charges from the time of registration until the time of discharge or inpatient index noninvasive diagnosis, and estimated cost from charges multiplied by the Medicare cost-to-charge ratio; this methodology relies on several assumptions. Direct measurement of costs is advantageous but was not feasible within existing funding and time constraints. Capturing costs related to subsequent hospitalizations, procedures, and interventions are important to ultimately assess the societal cost of each technology. The number of hospitalizations, ED visits, noninvasive and invasive testing, and percutaneous revascularizations were similar between the groups, which is encouraging but insufficient evidence that the cost reduction from CCTA is sustained. There were more coronary bypass surgeries in the CCTA group; that was not statistically significant but might be in a larger study and would have important cost effects. Comparing long-term downstream resource utilization after CCTA to a broad spectrum of tests will be required to provide definitive information.
The number of patients randomized to each arm of the study was similar (CCTA 375 cases, MPI 374 cases), but excluding patients who withdrew consent or had protocol deviations produced a significant difference (CCTA 361 patients, MPI 338 patients, p ϭ 0.001). This was primarily attributable to 1 site at which MPI patients initially received both tests. If this site were excluded, the patients in each group would be similar (CCTA 338 cases, MPI 329 cases) and the study endpoints unchanged (time to diagnosis 4.2 h vs. 4.3 h for CCTA, 11.5 h vs. 11.2 h for MPI; costs $6,795 vs. $6,706 for CCTA, $10,070 vs. $10,102 for MPI; safety endpoints unchanged).
During the 6-month follow-up period, a total of 72 of 699 (10.3%) cases were lost to follow-up; these patients had no office or hospital visits and could not be contacted by research coordinators. Although mortality information was available for 698 of 699 patients (there were no deaths in either group), in a population with so few safety endpoints (3 cases), it is possible that complete follow-up in all patients might have revealed a difference in other MACE events that could affect the safety outcome.
There are also limitations intrinsic to the CCTA procedure itself, which engenders radiation exposure and theoretically may impose some increased lifetime cancer risk (41) (42) (43) . Exposure to iodinated contrast must also be considered. Fortunately, recent scanner innovations since the time of this study dramatically reduced exposure levels (to as low as 1 to 4 mSv for many patients) (29, 44, 45) . These scanners can also reduce contrast dose because of subsecond scan times.
Conclusions
Observations from this randomized multicenter trial involving low-risk acute chest pain patients demonstrate that a diagnostic approach employing CCTA as the primary noninvasive imaging modality in appropriately selected patients is safe, facilitates more rapid evaluation compared with a strategy utilizing rest-stress MPI, and is associated with lower total ED costs. More comprehensive trials comparing CCTA to other expedited diagnostic protocols, including stress-ECG, rest-only MPI and stress-only MPI, and stress echocardiography are needed to define the optimal evaluation strategies for specific patient subgroups. In addition, long-term studies of downstream healthcare resource utilization and cost-effectiveness analyses will be required to compare the societal costs of these alternative diagnostic strategies. 
